The processes of formation of polyconjugatcd fragments during thermal oxidation of polymers and the reactions oflow molecular compounds yielding polymers with an extcnded systcm of conjugation are considered. It is shown from the experimental data that the polyconjugated system (PCS) formed during thermal oxidation and thcrmolysis exerts initiating or activating action during the process. The cause of such propcrties of the PCS is the cxistence in macromolecules of stable biradicals capable of complex formation with diamagnetic molecules. In this complex the radical reactivity is enhanced due to an increased probability of S-T transfer (effect of local activation). Initiation of hydroperoxide decomposition caused by the PCS explains the high synergetic action of mixtures of polyconjugated polymers formcd during thermal oxidation or thermolysis of monomeric inhibitors (bisphenols, aromatic amines, etc.) and initialmonomersnot subjectcd to such treatment. It is shown that during thcrmolysis along with paramagnetic centres (PMC), the active radicals are formed due to the rupture of valence bonds. These a-radicals stabilized by a rigid matrix diminish the thermal-oxidative stability when molecular mobility is 'frozen'. The activity of a-radicals, under proper conditions, can suppress the inhibiting effect of stable PMC complexes and cause transition from oxidation to burning. The probability ofpurposeful regulation of PCS action is associated with the information about the PMC formation mechanism during the growth of polyconjugated chain.
By means of thermodynamic calculations it is easy to show that in many cases the propagation of a polyconjugated chain is the mostprobable process in the thermal and thermo-oxidative destruction of organic compounds 1 • The reason for this is connected with the decrease in internal energy for the transition from 'saturated' compounds to substances with a system of conjugation where n-electrons have the property of intra intermolecular delocalization 2 • For an appropriate length of effective conjugation, free spins appear in the latter compounds which have a great influence on the physicochemical properties of polyconjugated systems ('the effect of local activation'-ELA) 3 . In spite of 'thermodynamic advantages' for the transition to polyconjugated systems (PCS) and eventually to graphite, the rate of this process may be low on account of the real kinetic conditions. For example, although the chemical transformation "'CF 2 -CF 2 ""-+ C 8 rar + CF 4 occurs with a large negative !!F (38 kcaljmol) under real conditions, thermolysis and radiolysis of polytetrafluoroethylene Iead mainly to the formation ofmonomer.
Nevertheless, real kinetics cannot exclude absolutely the process which is advantageaus from the thermodynamic point of view. Therefore, even in these cases when for given conditions other processes of destruction take place and PCS form with low rate, we cannot neglect their influence. lt is especially true because PCS have a high inhibiting and catalytic activity in radical and some other reactions as has been proved in our research 3 -6 and lately in the works of some other authors
• 7 •
In conformity with the problern of stabilization of low molecular and polymer compounds with respect to thermal, photo and radiation effects, the knowledge of the mechanism of PCS formation, their properties and the influence on the substrate transformation under the given conditions, is undoubtedly the main clue to the solution of the scientific and applied problems.lt is clear that the development ofthese ideas is also very important for the directed synthesis of highly thermostable and other polymers.
Thus, it is easy to postulate the importance of the chemistry of polymers with the system of conjugation as the basis of both the synthesis of polymers with specific electrophysical properties and the field of obtaining polymer substances which can be used under the increasingly complicated conditions of modern techniques.
Although the ideas formulated above have been repeatedly expressed and experimentally proved since 1950, they are not taken into account in those works which neglect progress in the chemistry of polyconjugated systems.
Therefore we shall briefly consider some data illustrating the specificity of the physicochemical properties of PCS.
PARAMAGNETJC PROPERTIES OF POLYCONJUGATED POLYMERSAND THEIR JNFLUENCE ON THE PHYSICOCHEMICAL PROPERTIES OF SUBSTANCES FORMJNG COMPLEXES WITH THEM
At the present time it is weil known that polymers with the 7t-7t and p-7t-systems of conjugation have rather stable paramagnetic centres (PMC) in condensed phase and in solutions with a narrow EPR singlet and a freeelectron g-factor. lt is essential that PMC should exert influence on the physical and physicochemical properties of PCS including dark and photo-178 induced conductivity~ absorption spectra~ luminescence and reacttvity. This influence on the propcrties of conjugated substances forming complexes with PMC was discovercd in 1962 in our Iabaratory and called 'the effect oflocal activation'. At the present time two assumptions about the nature of paramagnetism in PCS are of a great importance among othcrs:
(1) the biradical hypothesis 3 • s-to which considers PMC as a result of the local decay of n-bonds in polyconjugated macromolecules with thc Iongest chain. With respcct to this hypothesis S-T transition may be realized due to thermal excitation and the resulting triplet can be transformed into a biradical. lt has also been assumed that the probability that these transitions will occur is connected with a small value of the energy gap in packing like associates of fractions of the polymer homologues with long conjugatcd chains, with the breach of coplanarity and the gain in resonance energy due to delocalization of the unpaired spin along the system of conjugation.
(2) the hypothesis about the predominant role cf electron charge transfer based on the assumption of the presencc of close-situatcd e'nergy Ievels in PCS. According to this hypothesis charge transfer proceeds via one-electron intermolecular transfer leading to the formation of a stable ion-~radical complex 11 • 12 . The second hypothesis cannot be considered as the foundation of the general theory of PCS paramagnetism because it does not explain some experimental facts 13 including the absence of the contribution of dielectric relaxation in polymer hydrocarbons with a system of conjugation 10 . Moreover, according to quantum-chemical calculations, the one-electron transfer is of low probability in non-polar PCS even for chains of infinite length.
The last remark is also true, although to a much smaller degree, for PCS triplet excitation which is the base of the biradical hypothesis.
We suppose that the general theory for paramagnetism of PCS may be worked out by means of a model of the paramagnetic chain processes ('paramagnetic chains') which will be considered below. According to this model the triplet excitation is a primary act leading to the formation of stable biradicals or ion-radicals (polar media). These processes proceed with low probability at reasonable values of the PCS energy gaps. F or example, the probability of occurrence of a triplet population does not exceed 10-15 and 10-22 at room temperature and at the energy of S-T transition, EsT = 20 to 40 kcaljmol. The resulting PMC are rather stable macromolecular compounds with free spins delocalized along extensive blocks of conjugation.
In real systems macromolecules of PCS are bound in n-complexes and so the resulting free spins interact also with 7t-electrons of the complex-forming chains, but with a smaller exchange frequency. In these 'complexes with spin transfer' 2 , the probability of S-T transition increases and the value of the energy gap apparently decreases.
At corresponding energy expenditures this fact Ieads to the decay of the n-bond in such complexes under the influence of the primary spin~ i.e. to the effect of local activation.
As a result one spin initiates the formation of two new ones. This Ieads 179
to thc propagation oF a greatly branched chain process. We ca11ed this process 'branchcd paramagnetic chain '. Owing to the branched-chain character oF the reaction and to the high value of the pre-exponential Factor (~ 10 13 to 10 15 1/s), the process rate steadily increases until it becomes a 'paramagnetic' avalanche; as a result stable PMC are accumulated, which a11ows their detection by EPR at rather low temperatures.
It is necessary to note the existence oF a relationship between the rate of Formation, the nature oF the polymer and the kinetics oF paramagnetic chains.
As PMC are accumulated, two processcs take place: the First is PMC 'recombination' with the Formation oF spin-spin complcxes 14 and the second is PMC decay, i.e. chain tcrmination because oF polyconjugation cleavage and spin inactivation in reactions with admixturcs.
Disregarding thc kinetics oF PCS Formation the general data about branched paramagnetic chains may be representcd by the Fo11owing simpliFied scheme:
• The Formation oFprimary PMC
The Formation oF a complcx with spin transFer and the propagation of the branched chain Pi + iP 1 
Thc deccleration oF the propagation due to spin-spin complex Formation
The termination oF the paramagnetic chain due to the cleavage oF conjugation or spin inactivation
In this scheme the following symbols have been used: Pi are molecu]es oF PCS with i links in the block oF eFFective conjugation, arrows i l and ii mark the ground and triplet states (or stable biradical) correspondingly; x denotes molecules oF the admixture which are capable oF reacting with the spins oF a stable radical; ki, ks' ka, kh, k, are rate constants oF the Formation oF primary centres, thc Formation oF the complex 'spin-n-bond', the Formation oF biradicals under local activation (reaction 2), deceleration and decay oF PMC, respectively. In the first approach, the kinetics oF the PMC accumulation may be expressed by the equation
where kh = K x k 
where agreement with our thcory. Figure 2 illustrates also the activation of anthracene thermolysis by the paramagnetic fraction. As we can see, the induction period of PMC accumulation for anthracene dehydropolymerization may be practically excluded due to ELA. At thc prescnt time, a great number of experimental facts exist to demonstrate that ELA appears over a wide range of processes and phenomena such as thermal, thermo-and photo-oxidizing destruction of polymers 4 , catalysis of radical polymerization and some other polyreactions The effect of local activation is also reflected in the physical properties of the substancc. It affects the activation energy of PCS electroconductivity, the changes of the lifetime of the photocurrent carrier, the value of fluorescence yield, and some other properties 24 • 25 . Recently, the influence of spin on thc reactivity of stable nitrogen oxyradical26 has been detected experimentally, along with the catalytic influence of oxygen on the destruction of aromatic polyamides 27 and oxygen and nitric oxide catalysis of CCT formation in the interaction between chloroanhydride with tertiary amines 28 .
Apparently, in two latter cases the ELA is realized due to spin complexes of the substrate with such stable gas phase radicals as 0 2 and NO. lt is possible that the ELA will change our views about bioprocesses, and also about oxidation-reduction.
The Iimit of PMC accumulation predicted by our thcory is confirmed by both quantum-chemical calculations and experiments. For soluble PCS it is equal to 10 20 spin/g. The possibility of reversible PMC accumulation and its correlation with the decrease of M" has been proved experimentally in our work 29 and is shown in Figure 3 . Apparently, under these conditions the decay is intensified 182 as might be expected. This process is more intensive for PCS obtained at a smaller viscosity (i.e. in solutions) and at lower temperatures.
The fact that the reversibility of PMC concentration is not complete may be explained by the structural peculiarities of PCS, causing a high value of the relaxation time 30 .
At the present time we have only preliminary experimental data confirming the predictions of the theory about the reversible changes in the number average molecular weight of PCS with moderate heating. Nevertheless, the comparison of this process proceeding in airandin a vacuum (see Figure 4) clearly shows the role of PMC inactivation by oxygen preventing spin-spin complex formation (see above, reaction 4). This makes it possible to observe the decrease in M" determined at room temperature.
It seems to us that all that has been described above shows that the combination of the effect of local activation with Semenov's theory of branched chains is very fruitful for the solution of the fundamental problcms in the chemistry of polyconjugated systems, and also-as will be shown bclowfor the understanding of catalysis and the inhibition of chcmical transformations in thermolysis and thermo-oxidation of low molecular and high molecular weight compounds.
THE FORMATION AND THE ROLE OF PCS IN THERMOLYSIS AND THERMO-OXIDATION
As has been shown above, some finite probability exists of transforming organic substances into polyconjugated polymer compounds in the case of an appropriate thermal action. This transformation has been investigated for henzene and some aromatic hydrocarbons with condensed rings (anthracene, bianthryl, pyrene, etc.). For example, the autocatalytic accumulation reaction of paramagnetic oligomers (M" = 1200--14 000). CPMc = (3 -8) x   10 17 spin/g with anthronylene links proceeds in anthracene thermolysis in a vacuum or in an inert atmosphere at T = 400° to 450''C. The investigation of the chemical mechanisms favours Scheme I in this process:
PMC accumulation in the polymer activates the process. This has been proved by thc vanishing of the induction period at increasing rates of accumulation due to the introduction of catalytic amounts (up to one per cent) of the soluble polyanthracene paramagnetic fraction.
The investigations 15 carried out show that the increase in the polymer yield and PMC concentration in the polymer Iead to an increase in the gaseous reaction products (H 2 , CH 2 , C 2 H 6 , C 3 H 8 , C 2 H 4 , C 4 H 8 ). Apparently, complex reactions of anthracene cracking accompanied by dehydroanthracene dehydration are activated as a result of the effect of local activation.
Electron-donor properties and high radical reactivity of paramagnetic PCS make them able to react with oxygen and radicals, and also to initiate hydroperoxide decay without any yield of radical products 2 • 23 . Therefore, even small amounts of PCS formed during thermo-oxidation Iead to the braking of this process (the effect of 'self-stabilization'). Thus, for example, it is known that thermo-colaured resin-like products formed by the oxidation of lubricating oils are strong inhibitors of their oxidation 31 . The inhibiting activity of resin-Jike oxidation products has been described in ref. 32 for dibenzyl thermo-oxidation. The kinetics of 'self-braking' for slow chain reactions of resin-like oxidation products forming in this process has been considered in detail by Emanuel and co-workers 33 • 34 .
The authors show that the forming resins inhibit thermo-oxidation of butane and methyl ethyl ketones (see Figure 5) . By reason of the correlation between the rates of the decrease in acetaldehyde yield and the increase in resin formation, the authors assume that the inhibiting substance is formed by acetic anhydride po]ycondensation leading to PCS formation. In connection with this fact, the results of ref. 34 are of great interest. As has been shown in this work, self-braking of propylene oxidation in the presence of acetic anhydride is connected with resin formation. These resins are polyconjugated oligomers with a narrow e.p.r. singlet typical of PCS and with PMC concentration 10 17 spin/g. U nfortunately, the chemical mechanism of resin formation, typical of the majority of thermo-oxidation processes (T = 100°) of low molecular substances, has not so far been investigated in detail. However, we may agree with the authors referred to above that carbonylic compounds forming in the hydroperoxide decay, which proceeds in the presence of metals with variable valence particularly readily, take part in these processes. Scheme TI may be proposcd as a hypothesis.
At the present time one may consider the existence of two types of paramagnetic particles in the thermolysis of organic polymers at T > 300oC to be proved. These types are: (a) stable PMC of biradical nature and forming complexes with diamagnetic chains; (b) rather active a-radicals, appearing as a result of bond clea vage in the main chain.
Other things being equal, the ensuing fate of these particles depends on the chemical nature, structure and submolecular organization of the polymer. For very rigid systems a-radicals may be accumulated in a large amount because the chemical relaxation of the system leading to their decay (i.e. the combination of cr-radicals) plays a small part. Such a situation is advantageaus for the thermal stability of the system, because the decay of lightly diffusing carriers of radical destruction will be a result of their interactionnot only with PMC but also with the 'stuck' cr-radicals. However, another situation arises for systems where oxygen is present. In this case, for a small chemical relaxation rate, free cr-radicals interact strongly with oxygen with a large thermal effect (without activation energy) and may not only aceeierate thermo-oxidation, but also stimulate thermal ignition of the system at corresponding concentrations.
The experimental data obtained in our laboratory are in complete agreement with all aforesaid and indicate that a trivial cage-effect cannot be
applied to PCS or to polymers transforming into these substances 35 · 36 . For example. it was found that processes leading to the formation of thermocolaured polymers with fragments of condensed aromatic compounds take place in vacuum thermolysis (10 3 to 10-5 mm) of phenolformaldehyde resins and p-diethylbenzene crosslinked polymers (or co-polymers) at 450'' to 500C'C. In such systems, the total PMC concentration with the typical narrow e.p.r. singlet (3~ oersted) reaches 10 20 to 10 21 spinjg. lt has been found that freshly prepared thermolysis products have the following specificity: ( 1) their thermo-oxidation at T = 300" turns into an ignition regime (Figure 6 The influence of crosslinking formation on the thermal and thermooxidizing stability is illustrated by Figure 9 . As we can see, the decrease in molecular mobility in a crosslinked block copolymer indeed causes an increase in thermostability, but considerably reduces stability with respect to thermo-oxidation.
lt is necessary to emphasize that the increase in the thermo-oxidation rate and even the transition to thermal ignition at T ~ 300" to 40<YC and an increase in oxygen pressure arealso possible for fusible and soluble polymers capable of the transformation into PCS after crosslinking has occurred as a result of the preliminary thermal treatment, irradiation, or in the process of thermo-oxidation (see Figure 10 ). All these features may be observed not only for polymers without heteroatoms, but also for aromatic polyamides, polyurethanes, aromatic polyesters and various polyheteroarylenes 39 -4 1 (see Figures 11 and 12 ). The influence of size of soluble fraction in polyurethane photo-oxidation based on 2,4-toluene diisocyanate and glycol containing PMC on thermo-oxidation (220"'C) of polyurethane from hexamethylenediisocyanate: (1) initial polyurethane from hexamethylenediisocyanate and glycol; (2) the same with one per cent addition of soluble product of toluenediisocyanate--ethyleneglycol polyurethane (thePMC concentration is 10 18 spin/g).
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THE FORMATION AND ROLE OF PCS IN INHIBITED THERMO-OXIDATION
One of the most auspicious methods of PCS synthesis is dehydropolycondcnsation proceeding usually with radical or ion initiation
42
• A !arge number of assorted monomers belanging to the dass of aromatic hydrocarbons, halogen-substituted phenols, amines, etc. suitable for transformation into polyconjugated polymers at T ~ 200° to 250°C by methods of oxidizing dchydropolycondensation is known now. This suggests an idea that the conditions when low-molecular weight inhibitors with mobile hydrogen atoms are transformcd into corresponding PCS by an interaction with oxygen or peroxy radicals may be realized in the inhibited thermooxidation of polymcrs. In the presence of high-polymer macroradicals, thc propagating inhibitor chain may interact with active centres of polymer forming original inoculated co-polymers. These co-polymers must be weil combined with a saturated polymer. They take an active part in the inhibition, similarly to polyconjugated oligomers 4 .
All aforesaid may be represented in a general form by the Scheme 111:
In H Scheme III
As a result of these processes, products with higher radical reacttvtty than initial monomer inhibitors are formed because they are characterized by a greater branch conjugation and by the presence of complex bound PMC causing the effect of local activation. Besides, polyconjugated polymers containing PMC have a lower ionization potential and so initiate the decay of hydroperoxide and take part in the process of initiation at high temperatures to a much lesser degree. In connection with this fact it is natural to expect an anomalously high dependence of induction periods on the concentration of the monomer inhibitor, the appearance of the second induction period stipulated by the PCS formed, and an increase in the temperature Iimit for the application of the inhibitor suited for the above processes.
The experimental data are in complete agreement with these considerations and Iead to some conclusions which are of a great scientific and practical interest 4 . As was emphasized in our work on the braking of the oxidation of paraffins by products of anthracene thermolysis, the oxidizing dehydropolycondensation leading to the formation of coloured polymer products sharply increas-ing the inhibitor activity proceeds in the inhibited thermo-oxidation of ceresin (T = 180° to 200°C) in the presence of anthracene and its complexes with tetracyanoethylcne. In this paper we have given evidence for the presence of polyconjugated chains and PMC in such products 43 · 44 . Later areportwas published 45 where the authors described high inhibiting activity of coloured compounds forming in the oxidation of p-methylalkylphenols and alkyl-bis-phenols in the inhibited thermo-oxidation (T = 200°C) of polypropylene and co-polymers of tetrahydrofuran with ethylene oxide. Figure 13 taken from the work carried out by Levantovskaya, Kovarskaya and co-workers 46 illustrates the accumulation of coloured products of the oxidation of 4,4-methyl-bis(2,6-di-tert-butylphenol) used as thc inhibitor within the induction period and the development of thermo-oxidation when the products arc transformcd into uncoloured substances. These results are in complete agreemcnt with our investigations and with the work carried out by PospiSil and Gömöry with co-workers, where the increase in inhibiting activity and the existence of the so-called second induction period in the presence of coloured products formed from aromatic amines and alkylphcnols within inhibited oxidation of ceresin, rubber, polyethylene, and some other polymers have been demonstrated (see Figures 14, 15) 4 · 47 .
The data about the synergism of the inhibiting action in mixtures of unoxidized and oxidized amines and phenol stabilizer are of great interest. Such effects have been studied by us and by the cited authors in the following systems: polyanthracene-anthracene 4 · 43 , polydiphenylamine-diphenylamine4·47·48, the unfractionated coloured products of bisphenol and diphenylp-phenylenediamine oxidation separated from monomers and also for the process of thermo-oxidation of paraffins, polypropylene, ruhher and poly- The mechanism of these processes has been investigated by some authors (for example, see refs. 46, 49, 50) using thin layer chromatography with aluminium oxide and isolation of coloured products by benzene, petroleuro ester-ethylacetate with the subsequent application of e.p.r., n.m.r., i.r. and electronic spectrometry and chemical analysis.
It is interesting to note that by using these methods, the authors usually came to the conclusion that an increase in the inhibiting activity was connected with the transition to benzoquinone (phenol oxidation) or quinoneimines (aromatic amine oxidation). However, such results do not agree with Pospisil's data which show a considerable decrease in the benzoquinone inhibiting activity in comparison with hydroquinone 5 1 , and also with our investigations giving evidence for the formation of polyconjugated oligomers containing PMC in aromatic inhibitor oxidation 4 • We suppose that the reason for this disagreement resides in the possible isolation of low molecular products only from the absorbent, since the polyconjugated paramagrtetic polymer has not been extracted. Indeed, it is weil known that it is impossible to isolate the polymer product with the usual solvents for PCS absorption on aluminium or silicone oxide (see for example ref. 13 ). This is why it is difficult to extract oxidizing polycondensation products by using such methods of fractionation and to estimate this role in thermo-oxidation inhibition.
In connection with this fact, Iet us consider some data about the inhibiting action and thermo-oxidation of diphenylamine (DPA) and analogues obtained from it. The formation of PMC, the intensification of colour in the induction period and the high Iimit concentrations have been established by using DPA as the inhibitor ofthermo-oxidation (160° to 220°C) ofceresin and polymers (rubbers, polypropylene). This justifies the assumption that DPA may be transformed into more active polyconjugated polymer products. The results of works on the isolation of polymer products of oxidation and their investigation confirmed what has been said above and showed that it was necessary to investigate the mechanism of DPA oxidation and the properties of polymer products. We investigated also some DPA analogues (phenyl-C'L and ß-naphthylamines, alkyl and alkylene substituted DPA, diphenyl-p-phenylenediamines).
As has been found, oxidizing dehydropolycondensation accompanied by an autocatalytic increase in PMC concentration and by the formation of coloured polymer products with number average molecular weight from 540 to 2 600 and stable PMC concentration from 10 17 to (3-8) x 10 18 spin/g takes place in DPA thermo-oxidation (see Figures 16 and 17) . Chemical analysis, i.r. and n.m.r. investigations of the polymer formed show the presence of structural elements like and At the same time, the concentration of carbonyl quinone oxygen 1s very small (one atom per eight to ten links). Taking into consideration all the facts indicated above and also the data on DPA catalytic oxidation 48 , we came to the conclusion that the most probable scheme of the chemical mechanism for dehydropolycondensation is the Scheme IV.
The kinetics of OPA oxidation at T = 225° to 260' C may be seen in Figure 18 .
Plotted semilogarithmically the kinetic curve is a straight line till a process depth corresponding to the absorption of 0.6 to 0.7 gjmol of oxygen per 1 g/mol of OPA. This corresponds to alienation of aminehydrogen and
Scheme IV
Hypothetical 5cheme of o~idative dehydropolyconden5ation of secondary aromalic amines 00 0-0 
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H-atom in the phenyl ring. The effective activation energy for oxidation is 20 kcaljmol. Polyconjugated polymers isolated in this stage are easily soluble and fit in with the above-mentioned characteristics. The interaction of oxygen with H-atoms at the position ortho with respect to amine nitrogen begins to play a considerable part at deeper oxidation. As a result, the chain branches and this Ieads to space crosslinking. Along with this, it has been established that insoluble products are already formed in the early stages of oxidation of 4,4' -dialkyl or 4,4' -oxyderivatives of OPA proceeding at a higher rate where the oxygen attack is directed at both H-groups, hydrogen in benzene, and the alkyl groups. Analogaus results have been obtained for the joint co-oxidation of OPA with its 4,4'-disubstituted derivative.
lt has been found that there is a catalytic influence of PMC ([PMCJ ~ (3-5) x 10 18 spin/g) appearing as a result of oxidizing DPA dehydropolycondensation (polydiphenylamine-OPA) on the kinetics of its oxidation. We have demonstrated that POA added to OPA reduces the induction period of diphenylamine oxidation ( Figure 19 ). As we can see, it is necessary to take into consideration the effect of local activation in this case too. The PDA inhibiting activity in thermo-oxidation is usually higher than that of OPA. However, the application of mixtures without monomers of PDA with OPA has a greater effect. This situation is illustrated in Figure  20 . These curves show that the observed effects of synergism are connected with the joint action of PCS and monomer inhibitors.
The cause of synergism is apparently connected with the capacity of POA (as weil as other PCS) to initiate hydroperoxide decay without the formation offree radical products in bulk proved by lvanov, Kobrianski and the author of the present report. One cannot exclude the formation of PMC-OPA spin complexes with the activation of their reactivity due to the effect of local activation.
lt should be added that a rather small content of hydrogen of the NH- Meanwhile, they have a fairly low ionization potential and high radical reactivity and so they are the effective electron donors with respect to oxygen and hydroperoxides; they destroy them and react with the products of radical decay.
The capacity of PDA to exhibit synergistic effects in mixtures with various substances including dilanoylthiodipropionate, trinonylphenylphosphite (oxidation of nitrilc rubber SKN-26), anthracene (oxidation of ceresin, paraffins, polyolefins) are in complete agreement with all aforesaid (see Figure 21 ). 
JOINT TRANSFORMATION OF POLYMERSAND POLYCONJUGATED ANTIOXIDANT IN INHffiiTED THERMO-OXIDATION
As has been emphasized above for thermo-oxidation of many polymers, the intensification of colour as a result of the formation of polyconjugated regions (or PCS) outstrips or coincides with autobraking of the process. The data obtained allow us to state that 'self-stabilization' is connected with the inhibiting role of PCS.
On the other band, we have come to the conclusion that monomer antioxidants arealso able to form oligomers due to radical polyreactions under the conditions of inhibited thermo-oxidation.
The comparison ofthese facts allows the drawing ofa conclusion about the possibility of an interaction between propagating the inhibitor chain with active centres of oxidizing polymer macromolecules. This process has been investigated by Kovarskaya, Livertovskaya and co-workers for the case of tetrahydrofuran-propylene oxide co-polymer thermo-oxidation inhibited by bisphenols 46 . In our laboratory this process has been investigated by lvanov for atactic polypropylene oxidation (T = 160° to 200°C and P 02 = 760 mm Hg) inhibited by anthracene 4 • 52 .
The data obtained give rise to a conclusion about the formation of a thermodynamically more stable polyene conjugated system by atactic polypropylene thermo-oxidation at rather high temperature which may be partially aromaticized by thermal effects.
Taking all this into consideration, it is logical to assume that radicals formed in inhibitor oxidation may react with o:-hydrogen of the CH 2 groups conjugated with polyene chains or with active centres which appeared as a result of the reaction with oxygen.
To elucidate the nature of the transformations, the product of polypropylene oxidation in the presence of 0.8 moljkg of anthracene at 225oC was accumulated within 100 min. The oxidized mixturewas separated into two fractions soluble (S) andinsoluble (IS) in cold heptane. Brown and dark bruwn benzene soluble (S-1) and insoluble (IS-1) fractions were obtained by the following more delicate fractionation by vacuurn-distillation at 130° to 150°C (1 0-5 mm Hg) and trea tment in boiling benzene. There are three absorption bands in the region 2 840-2 960 and 1460 cm-1 in the i.r. spectrum of S-1 which have been attributed to the CH 3 and CH 2 group absorption. Moreover, several bands corresponding to anthracene (1625, 1450, 1385, 959, 888, 727 cm-1 ) have been observed. Anthraquinone bands have not been found. The spectra of both fractions have a considerable absorption background, the most intensive background absorption being observed for the benzene-insoluble fraction IS-1. The insoluble fraction IS-1 absorption bands are rather wide without narrow maxima. Nevertheless, one has a good basis to affirm the presence of aromatic polyconjugated structures (absorption at 750-900 and 1600 cm-1 ), and also polyene blocks of conjugation forrned from polypropylene and containing lateral CH 3 groups.
The electron absorption spectrum of the benzene-soluble fraction S-1 is shown in Figure 22 . lt contains absorption bands typical of anthracene (340, 360, 378 m~) and a sufficiently intense Jong-wave background absorption without maxima. polypropylene in the presence of anthracene and anthraquinone and, apparently, is a graft copolymer of polyene with anthracene and polymer products forming in oxidizing dehydropolycondensation of anthracene containing PMC. Significant inhibiting effects in polypropylene oxidation in the presence of anthracene are apparently connected with the interaction between the inhibitor and the oxidizing substrate when the reactions with oxygen, peroxide or alkoxy radicals take place (see Figure 23) . The region of conjugation in polypropylene macromolecules already appears in the initial stage of oxidation. Anthracene molecules are taken into complexes with polyene conjugated blocks and after that their oxidizing dehydrocondensation takes place. The PSC paramagnetic fractions are accumulated and terminate the chain propagation and formation of hydroperoxides.
This process cannot be realized to the same degree in the oxidation of ceresin. The latter does not in practice contain tertiary hydrogen and so has considerably lower reactivity with respect to oxygen and peroxide radicals.
In a general form the hypothetical scheme may be represented as shown inSeherne V.
The investigation of the inhibiting activity of products as it appears in joint transformations of polypropylene and anthracene has shown that their activities are much high er than that of anthracene alone. It is interesting to note that these products are very effective in thermo-oxidation inhibition of both polypropylene and ceresin [ Figures 24(a) and (b) ] as weil as other polymers.
It has been established that after an induction period of ceresin oxidation in the presence of the S-1 fraction the decrease in the absorption band inten- 
CONCLUSIONS
Based on the data considered in the present report we come to the conclusion that the theoretical predictions about the formation and the role of polyconjugated systems in thermolysis and thermo·oxidation of organic compounds are correct.
In practice, we have considered here the physical chemistry of the socalled 'collateral' reactions which determine to a considerable degree the kinetics of processes, and the structure and properties of the main sub· stances.
The data about these processes obtained at the present time must be considered the first stage of work leading to new and more powerful ideas about the destruction and also to the methods of polymer stabilization and inhibition of analogaus processes for low-molecular weight compounds.
Undoubtedly, analogaus processes proceed in photolysis and radiolysis, although the kinetics and chemistry of PCS formation and the influence of PMC and polyconjugation are virtually not investigated in these cases. lt must be emphasized that the knowledge of the nature and structure of forming PCS and PM C, the information about the mechanism of their transformation caused by various energies and chemical effects, and especially the ability to inactivate radicals and to regulate the amount of PMC and PCS are of great importance for the problern of stabilization.
On the other hand, the understanding of these processes opens new ways for a purposeful preparation of highly effective polymer stabilizers. Apparently, an approach based on the uses of thermolysis, thermo-and photoeffects or ionizing irradiation of low-molecular weight antioxidants in the absence or in the presence of oxygen or some other oxidizers is rather auspicious.
The expediency of this approach has been illustrated by us by using PCS-stabilizers obtained by thermolysis or thermo-oxidation of anthracene, diphenylamine, and some other analogues as the example. The transition from InH-type inhibitors, to corresponding PCS with stable PMC is rather hopeful, because in this case it is possible to solve some complex problems of thermo-oxidation inhibition at a fairly high temperature (T = 250° to 30<rC) and under the effect of u.v. or high energy rays.
Therefore, progress in the research on the effect of local activation and consequent intercombination transitions in the complexes of PMC or radicals stabilized by conjugation with the substances containing n-bond or heteroatoms is of particular importance.
1t is also necessary because this effect may play a part in a great variety of processes with the participation of stable radicals.
One must bear in mind that the activation of transition and reactivity 204
